Introduction and approach
The generation of reactive oxygen species (ROS) is inevitable for aerobic organisms and, in healthy cells, occurs at a controlled rate. ROS are mostly derived from mitochondrial activity, and have been suggested to participate as signaling molecules controlling fundamental and developmentally relevant cellular processes such as proliferation, differentiation, and death. However, in excess, ROS can damage various macromolecules with major function within the cell. Hence, uncontrolled ROS production can cause cell damage and lead to cell dysfunction. This so called oxidative stress has been suggested as the basis of aging and a variety of diseases including atherosclerosis, carcinogenesis, ischemic reperfusion injury and neuorodegenerative disorders (5) . Regarding the exocrine pancreas, evidence exists pointing to a pivotal role of oxidative stress in the pathologies affecting the gland (1, 2, (6) (7) (8) 11) . The availability of fluorogenic, chemiluminescent or chromogenic probes offers researchers the possibility to assay oxidative activity in live cells, employing appropriate equipment. This review describes the method used in our laboratory to monitor ROS in living cells. Here we employ dissociated pancreatic acinar cells as a model.
Materials

Laboratory equipment.
1. Shaking water bath (for incubation of cells at 37 °) 2. 100% O 2 cylinder 3. Cell counter 4.
Spectrofluorimeter for fluorescence determinations.
An epifluorescence microscope or confocal laser systems can also be employed. In the experiments shown here we employed an ELISA spectrofluorimeter (Tecan Infinite M200, Grödig, Austria) for quantification of fluorescence. Images were taken employing an inverted epifluorescence microscope (see below). 5. Automatic pipettes (1-10 μL, 2-20 μL, 10-100 μL, 100-1000 μL) 6. Centrifuge (cell suspensions will be centrifuged at 900 r.p.m., 90-100 × g; conditions usually achieved in a centrifuge with a 15 cm radius of rotation). 7. Ice 8. Timer 2
Animals and cells
Isolated pancreatic acini and acinar cells can be prepared from rat, mouse, and guinea pig. 
Plastic and other materials
ROS-sensitive fluorescent dyes
An array of fluoroprobes sensitive to ROS exists.
Here we have used: 
Composition of the physiological buffers
Preparing the dyes
Prepare a stock solution of the fluoroprobe (the supplier usually provides directions for preparation). In our case: 7 . Discard the supernatant. 8. Add buffer 2. The total volume to be added must be calculated, and will depend on the amount needed for the different groups/stimuli under study (see above).
9. Use the cells and incubate in the presence of the stimuli.
Preparing the stimuli
1. The stimuli to be employed must be prepared double concentrated in buffer 2 (i.e., a concentration double to that needed should be prepared). The total volume needed will depend on the number of wells to be incubated. Perform the test at least in duplicate. look for a homogeneous distribution of the stimuli within the well). 6. Cells remaining (non-used) can be used for imaging, i.e., taking fluorescence pictures.
Reading
Spectrofluorimetric determination of ROS production
We read the fluorescence of the samples employing an ELISA spectrofluorimeter (Tecan Infinite M200, Grödig, Austria). Create a protocol (see manufacturer directions) taking into account the excitation/emission fluorescence of the dye employed.
Managing data
Results can be shown as the mean increase of fluorescence expressed in percentage ± SEM (n) with respect to control (non-stimulated) cells, where n is the number of independent experiments. Statistical analysis must also be performed. Usually Student's t test or ANOVA analysis are performed. P values < 0.05 are usually considered statistically significant.
Single cell fluorescence imaging
Because we are working with dyes that enter the cell, and some of them have an organellar accumulation, it can be useful to analyze the distribution within the cell of the various fluorophores employed. Here we describe how it is carried out in our lab.
For monitoring of fluorescence, small aliquots (100-150 µL) of dye-loaded cells were transferred to a coverslip mounted on an experimental perfusion chamber, and placed on the stage of an epifluorescence inverted microscope (Nikon Diaphot T200, Melville, NY, USA). Pancreatic acinar cells were continuously superfused at a rate of 1 mL/min with a control Buffer 2. A 60 × oil immersion objective was employed.
For monitoring of dye-derived fluorescence, an image acquisition and analysis system for video microscopy was employed (Hamamatsu Photonics, Hamamatsu, Japan). Cells were excited with light from a xenon arc lamp passed through a high-speed monochromator (Polychrome IV, Photonics, Hamamatsu, Japan) at 490 nm in the case of CM-H 2 This equipment can also be used to monitor timecourses (live) of changes in ROS production. Detection employing confocal microscopy systems can also be performed. The latter system allows greater optical resolution. The results can be expressed as the ratio of fluorescence F/F 0 , where F 0 is the value of basal (prestimulation) fluorescence and F is the fluorescence at a certain point of stimulation.
However, the illumination system can cause bleaching of the dyes during prolonged periods of sample illumination, thus interfering with the determinations. This may complicate the observation of dye-derived fluorescence.
Results obtained
Single cell fluorescence imaging
Imaging of CM-H 2 DCFDA-loaded cells showed a uniform distribution of fluorescence, with no special localization (compartmentation) of the dye (Figure 2A ). Brighter fluorescence was noted at the basolateral side of the cells, whereas darker areas were noted at the luminal (granular) cell pole. This suggests a cytosolic accumulation of the probe. In cells loaded with MitoTracker TM Green FM, bright fluorescent spots were found in the cytosolic area, but often concentrated surrounding the zymogen granule area. Fluorescence around the nucleus and beneath the basolateral plasma membrane could also be noted ( Figure 2B ). This distribution of mitochondria within pancreatic acinar cells has been formerly reported (3, 9 To investigate ROS generation in the mitochondria, MitoSOX TM Red-loaded pancreatic acinar cells were incubated for 1 h in the presence of the same stimuli mentioned above. The effect can be seen in figure 3B . CCK-8 (1 nM), Tps (1 µM) and H 2 O 2 (10 µM or 100 µM) induced a statistically significant increase in MitoSOX TM Red-derived fluorescence compared with that observed in control (non-treated) cells. A thin dotted horizontal line indicates the level corresponding to 100%. Data are representative of four to five independent experiments (*, P < 0.05; **, P < 0.01; and ***, P < 0.001 vs non-treated cells).
